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Brachionus havanaensis is a common planktonic rotifer sometimes found together with Brachionus
calyciﬂorus in Microcystis-infected waterbodies in M exico. Here, we evaluate the impact of mixed diets
(dry weight basis, 0%, 25%, 50%, 75% and 100%Microcystis or Chlorella) on the growth of and competition
between B. calyciﬂorus and B. havanaensis. In general, a higher proportion ofMicrocystis aeruginosa in the
diet resulted in decreased population growth rate of both rotifer species. Whether grown separately or
together, B. havanaensis was always numerically more abundant than B. calyciﬂorus, regardless of the
proportion of Microcystis in the diet. However, when both species were grown together, the impact of
M. aeruginosa in the diet had a more adverse effect on B. calyciﬂorus than on B. havanaensis. When grown
alone, both rotifer species showed better population growth on a diet of 75% Chlorella and 25%
Microcystis than either 100% Chlorella or Microcystis.
& 2009 Elsevier GmbH. All rights reserved.Introduction
Rotifers are subject to competition from other zooplankton,
including protozoans and cladocerans (Gilbert 1988). Most
planktonic rotifers are herbivores, feeding on algae such as
Chlorella and Scenedesmus (Wallace et al. 2006). In eutrophic
waterbodies, instead of green algae, the phytoplankton is often
dominated by cyanobacteria (Whitton and Potts 2000).Microcystis
aeruginosa is a common toxic phytoplankter in both tropical and
temperate regions. Exhaustive information is available on the
toxic nature, chemical composition and inﬂuence of M. aeruginosa
on rotifers, cladocerans and copepods (Fulton and Paerl 1987;
DeMott and Moxter 1991; Smith and Gilbert 1995). M. aeruginosa
can reduce survival and reproduction of zooplankton (Gustafsson
and Hansson 2004), but is often less detrimental to rotifers than
cladocerans. Being generalists, cladocerans are capable of ingest-
ing large cyanobacterial colonies or ﬁlaments and hence adversely
affected. On the other hand, rotifers, due to their small size are
incapable of ingesting these cyanobacteria and thus are less
affected (Scholten et al. 2005). Certain genera of Rotifera such as
Keratella, Polyarthra, Hexarthra and Trichocerca are frequently
found in water bodies with cyanobacterial blooms (Nandini. All rights reserved.
arma).et al. 2005). In Valle de Bravo, a reservoir in the State of Mexico,
these genera of rotifers are predominant (Ramı´rez-Garcı´a et al.
2002). Nandini and Rao (1998) experimentally showed that
Hexarthra mira was less susceptible to an exclusive diet of
M. aeruginosa than was Brachionus calyciﬂorus. B. calyciﬂorus is
known to be able to ‘nibble’ on long ﬁlaments of Planktothrix and
is thus possibly not affected by it (Whitton and Potts 2000).
Though rotifers may be adversely affected by an exclusive
cyanobacterial diet, some are capable of growing on it when
mixed with green alga (Alva-Martı´nez et al. 2007).
Among brachionids, B. calyciﬂorus and Brachionus havanaensis
are common in freshwater ponds and lakes in Mexico (Sarma and
Elı´as-Gutierrez 1998). If two zooplankton species compete for
limited food, then the species capable of reproducing at the lower
food level, capable of resisting long starvation periods or having
minimum maintenance costs will outcompete the other (Kirk
2002). Under such food limited conditions, B. calyciﬂorus is likely to
be eliminated by B. havanaensis (Fernandez-Araiza et al. 2005).
However, both species exist together in the Virgilio Uribe (Mexico
City), a eutrophic Microcystis-dominated artiﬁcial canal in Mexico
City (Mexico). This prompted us to study the impact of
M. aeruginosa on the competitive outcome between B. calyciﬂorus
and B. havanaensis. Since in winter months M. aeruginosa is often
associated with a chlorophytes (Scenedesmus or Chlorella) (Ortega
1984), we aimed at evaluating the mixed cyanobacteria–green algal
diet on the competition between these two Brachionus species.
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B. calyciﬂorus and B. havanaensis were isolated from the main
canal of Lake Xochimilco and a nearby waterbody (the channel
Virgilio Uribe, Mexico City, Mexico). Clonal populations of both
were separately established using the single-celled green alga
Chlorella vulgaris as the diet. Experiments were conducted with
populations established at least 6 months prior to their use in
tests.
We collected M. aeruginosa from Virgilio Uribe every alternate
day by ﬁltering through 500mm mesh size, and allowed it to ﬂoat
in the laboratory overnight. The cyanobacterial concentrate was
then ﬁltered through 50mm to remove smaller organisms such as
ciliates. M. aeruginosa, which was mostly in colonial (spherical)Fig. 1. Population growth curves of B. calyciﬂorus fed different diets (Chlorella (Ch),
Microcystis (M) or their proportions (%)) grown separately or in mixed cultures
with B. havanaensis. Shown are the mean7standard error based on four replicates.form, was subjected to ultrasonication to obtain a single-celled
stage (Alva-Martı´nez et al. 2004). This was ﬁltered through 15mm
to remove large clumps. The density of single-celledM. aeruginosa
was estimated using a haemocytometer.
C. vulgaris (Strain CL-V-3, CICESE, Ensenada, Mexico) was mass
cultured in 2 l transparent bottles using Bold’s basal medium
(Borowitzka and Borowitzka 1988). Log-phase alga was harvested,
centrifuged at 4000 rpm for 5min, rinsed and resuspended inFig. 2. Population growth curves of B. havanaensis fed different diets (Chlorella,
Microcystis or their proportions) grown separately or in mixed cultures with
B. calyciﬂorus. Shown are the mean7standard error based on four replicates.
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in a haemocytometer. We stored C. vulgaris at 4 1C in dark until
ready to use. For stock culture as well as for experiments with
rotifers, we used reconstituted moderately hardwater (here after
referred to as EPA medium). The EPA medium was prepared by
adding 0.9 g of NaHCO3, 0.6 g of CaSO4, 0.6 g of MgSO4 and 0.04 g
of KCl in 1 l of distilled water (Weber 1993). The experiments were
conducted at 2372 1C, pH 7.0–7.5, and constant but diffuse
ﬂuorescent illumination; in 50ml capacity transparent glass jars,
each with 20ml medium. The treatments consisted of different
algal–cyanobacterial proportions (0%, 25%, 50%, 75% and 100%
Microcystis or Chlorella) for both the rotifer species separately and
together (at 1:1 ratio). For each treatment we used 4 replicates.
The initial density of rotifers was 1 indml1. The food level was
1106 cells ml1 for Chlorella, Microcystis or their mixture.
We estimated the density of rotifers daily using whole count or
2–3 aliquots of 1–5ml each, depending on the abundance.
Following the quantiﬁcation of rotifer density, the medium was
replaced 10% with a fresh one containing appropriate diet
composition. The experiments were terminated after 3 weeks.
We derived the rate of population increase (r) using the regression
between log natural population density over time (Sibly and Hone
2002).
The data on population growth rates were assessed for
homogeneity of variance and normality using residual analysis
(plots of residual vs. means using descriptive statistics (Sokal and
Rohlf 2000). Analysis of variance (ANOVA) was used to quantify
the differences between growth rates under different treatments.Fig. 3. Rate of population increase (r, day1) of B. calyciﬂorus and B. havanaensis fed
competition. Shown are the mean7standard error based on four replicates. (1) C. vulg
50%+M. aeruginosa 50%; (4) C. vulgaris 25%+M. aeruginosa 75%; (5) C. vulgaris 0%+M. aeru
signiﬁcant (p40.05, Tukey test).Post hoc (Tukey test) analysis was done for multiple comparisons
of growth rates.Results
Population growth curves of B. calyciﬂorus and B. havanaensis
fed C. vulgaris, M. aeruginosa and mixtures are presented in Figs. 1
and 2. Increased proportions of M. aeruginosa in the diet generally
resulted in decreased population growth of the rotifers. When
grown separately or together, B. havanaensis was always
numerically more abundant than B. calyciﬂorus, regardless of the
proportion of Microcystis in the diet. When, both rotifer species
were cultured together, higher proportions of M. aeruginosa in the
diet had a more adverse effect on B. calyciﬂorus than on B.
havanaensis.
When grown alone, the rotifers showed better population
growth on a diet of 75% Chlorella and 25% Microcystis than either
on 100% Chlorella or Microcystis. The rate of population increase
varied from to 0.1670.01 to 0.5770.03d1 depending on diet
composition and rotifer species involved. Regardless of the
proportion of Microcystis, B. havanaensis had slightly (about 16%)
higher r than B. calyciﬂorus. For both B. calyciﬂorus and B.
havanaensis, lowest growth rates were obtained when raised only
onMicrocystis. For B. calyciﬂorus or B. havanaensis post hoc analysis
revealed that r obtained with diets containing 75% or 100% M.
aeruginosa differed signiﬁcantly (Fig. 3).different diets (Chlorella, Microcystis or their proportions) grown separately or in
aris 100%+M. aeruginosa 0%; (2) C. vulgaris 75%+M aeruginosa 25%; (3) C. vulgaris
ginosa 100%. For each treatment, bars carrying identical letters are not statistically
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The toxicity of M. aeruginosa is known to change depending on
seasons (Ferrao-Filho et al. 2000). The cyanobacterial strain we
used here is not highly toxic because none of the test species died
within 48h, even when raised on 100% Microcystis diet (Lampert
1987). Yet, it was sufﬁciently toxic to reduce the growth rates of
both rotifer species (we did not quantify the concentration of
microcystin, the main toxic component in M. aeruginosa). Toxicity
of cyanobacteria also depends on the assimilation efﬁciency of the
organisms (Christoffersen 1996). This also was not studied here.
However, since rotifer growth was signiﬁcantly reduced when
raised on 100% M. aeruginosa, it can be considered toxic. A
nutritional deﬁciency might be also responsible for the reduced
growth of rotifers fed 100%M. aeruginosa. Nutritional deﬁciency is
always present in M. aeruginosa whether it is a toxic strain or not
(De la Fuente et al. 1977). However, we used the same strain of
M. aeruginosa on cladocerans (Moina macrocopa and Ceriodaphnia
dubia) where the test individuals died before reproducing,
conﬁrming the toxic nature (Alva-Martı´nez et al. 2007).
When both rotifer species were grown together, an increased
proportion of M. aeruginosa in the diet had a more adverse effect
on B. calyciﬂorus than on B. havanaensis. The strain of
B. havanaensis used here, was from a water body with perennial
blooms of M. aeruginosa. Consequently, there may be some
adaptation to Microcystis (Gustafsson and Hansson 2004). When
grown alone, both the rotifer species showed better population
growth on a diet of 75% Chlorella+25%Microcystis than either 100%
Chlorella or Microcystis. Similar results were also obtained with
other groups of zooplankton such as copepods (Schmidt and
Jonasdottir 1997).
The impact of competition on one of the rotifer species by the
presence of the other was evident only in 100% C. vulgaris. The
inﬂuence of mixed diets on the competitive outcome between
B. calyciﬂorus and B. havanaensis was not clear. Usually when two
or more rotifer species compete for limited resources, one or more
of them may be adversely affected by the presence of other
(Fernandez-Araiza et al. 2005). In the present study, we observed
that both rotifer species were adversely affected by the presence
of the other. Lack of a signiﬁcant inﬂuence of mixed diets on the
competition between the rotifer species suggested that the strain
of M. aeruginosawe used here was possibly not strongly toxic. Old
Chlorella cultures are known to be toxic to zooplankton (Edmond-
son 1957). In our experiments, we ensured fresh supply of algal
diet to rotifers. In treatments containing up to 50% M. aeruginosa,
both rotifers grew at densities comparable to 100% Chlorella. This
suggests that in nature at least some quantity of M. aeruginosa is
consumed, but only when the strain is not highly toxic. Therefore
changes in the cyanobacterial abundances in nature are not only
related to physico-chemical variables but are also likely due to
grazing from zooplankton (Scholten et al. 2005).Acknowledgments
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